Introduction: To explore the clustering and influencing factors of unhealthy lifestyles among elderly adults with prediabetes in rural China. Methods: A cross-sectional study was conducted in Yiyang, Hunan Province, China. Through multistage cluster random sampling and an oral glucose tolerance test, we screened 461 elderly adults aged 60 years and older with prediabetes out of 2144 elderly adults who were sampled. The prediabetic adults completed a survey examining four common lifestyle factors: diet, exercise, smoking, alcohol use and the ability to acquire diabetes-related knowledge and thereby promote one's own health-diabetes health literacy. The influencing factors were analyzed retrospectively with the Kruskal-Wallis test and ordinal logistic regression. Results: A total of 425 elderly adults completed the survey, of whom 325 were identified with unhealthy lifestyle clustering. The Kruskal-Wallis test showed significant differences between unhealthy lifestyle clusters by age, gender, marital status, occupation and hyperlipidemia (P\0.05). Ordinal logistic regression showed that female gender (OR = 0.23, 95% CI: 0.15 0.37), personal annual income C 2800 CNY (OR = 0.61, 95% CI: 0.38 0.99) and occupation as a worker (OR = 0.56, 95% CI: 0.34 0.92) were protective factors against unhealthy lifestyle clustering. An unsatisfactory marital status (OR = 1.60, 95% CI: 1.02 2.51) and low diabetes health literacy (OR = 3.17, 95% CI: 1.03 9.81) were risk factors. Conclusion: In total, 76.47% of the prediabetic elderly adults in rural China showed unhealthy lifestyle clusters. Being male and having an unsatisfactory marital status, a low personal annual income, an occupation as a farmer and low diabetes health literacy were the main risk factors for unhealthy lifestyle clustering. More effective interventions should be implemented based on these risk factors to prevent diabetes in rural elderly adults. Enhanced Digital Features To view enhanced digital features for this article go to https://doi.org/10.6084/ m9.figshare.9081341.
INTRODUCTION
Prediabetes is an intermediate state in which blood glucose is above normal but does not meet the clinical diagnostic criteria for diabetes. This state includes impaired fasting glucose (IFG), impaired glucose tolerance (IGT) or both conditions [1] . The prevalence of diabetes worldwide is alarming. In the US in 2012, 86 million adults had prediabetes, and approximately three times as many individuals had diabetes [2] . In China, in 2008, 148.2 million adults were diagnosed with prediabetes, and the prevalence was approximately 15.5% [3] . In 2015, the International Diabetes Federation estimated that the global prevalence of prediabetes was 318 million, and this number is expected to reach 642 million by 2040 [4] . Studies have confirmed that prediabetes can not only develop into diabetes but is also an independent risk factor for a series of diseases, including endothelial dysfunction [5] , atherosclerosis [6] and myocardial infarctions [7] . In addition, prediabetes has been found to increase the risk of hospitalization and longterm mortality in hospitalized patients [8] .
Unhealthy lifestyle is a pattern of behavior that increases the risk of diabetes and personal injury. Unhealthy lifestyle clustering refers to a situation in which an individual engages in one or more risky behaviors. These behaviors mainly include irregular eating, smoking, alcohol use and physical inactivity, and they may contribute to the development of prediabetes individually or in clusters. Epidemiologic evidence has shown that prediabetes is a reversible process, and early lifestyle intervention can effectively reduce the incidence of type 2 diabetes [9] . A study by Christenson et al. involving 2020 participants confirmed that a strict low-energy diet program restored blood glucose to normal for 35% of participants [10] . Dejesus et al. reported that regular aerobic exercise and a healthy diet could significantly reduce the incidence of diabetes and improve patient selfefficacy [11] . After a 9-month lifestyle intervention with 120 prediabetic participants, Stefan et al. found that 31% of the high-risk phenotype participants and 67% of the low-risk phenotype participants returned to normal glucose regulation [12] . Conversely, a 20-year cohort study in China showed that the cumulative incidence of prediabetes was [ 90% when no intervention was provided [13] .
Many studies have proposed and conducted behavioral interventions for individuals with prediabetes, and some positive results have been obtained in China. However, few studies have focused on rural elderly adults with prediabetes. A national survey has confirmed that the prevalence of prediabetes in rural China is significantly higher than that in urban areas and is rising rapidly [14] . The Chinese Diabetes Society (CDS) also demonstrated that old age plays an important role in this process and called for lifestyle interventions to prevent the development of prediabetes [15] . Considering the large number of elderly adults in rural China and the rapid growth of prediabetes, we conducted this study to explore potential unhealthy lifestyle behaviors among rural elderly adults with prediabetes and to analyze the clustering of these behaviors and their influencing factors. Our ultimate goal was to provide a basis for preventing diabetes by intervening in risk factors that lead to the clustering of unhealthy lifestyle behaviors.
METHODS

Participants
This study was conducted in Yiyang City, Hunan Province, China, from April to July 2015. We calculated the sample size according to the formula for cross-sectional sampling: n ¼ u 2 a=2 P 1 À P ð Þ=d 2 , where a was 0.05, P was 20% of the prediabetes prevalence (according to previously reported studies), and d was 0.2 P of the admissible error. Based on these known variables, we inferred a sample size of 384. Assuming that some subjects would drop out halfway, we increased the sample size by 10%, and the final theoretical sample size was 423.
Through a multistage cluster random sampling design, we enrolled residents aged 60 years and above in 2 counties or districts, 4 towns and 42 villages. The detailed sampling process was previously reported [16] ( Figure S1 ). A total of 2144 elderly adults were selected to undergo an oral glucose tolerance test (OGTT). During the implementation of the OGTT, the subjects consumed 300 ml of water containing 75 g of anhydrous glucose orally between 7 a.m. and 9 a.m. on an empty stomach (fasting time was 8-10 h). The participants were told to drink the glucose solution in 5 min. The time was calculated starting at the first drink of the glucose solution, and blood glucose values were measured 2 h before and after consumption using samples taken from the forearm. The participants were asked to maintain their usual physical activity and diet at least 3 days before the OGTT. The criteria for prediabetes diagnosis were based on a 1999 World Health Organization (WHO) definition [1] : (1) IFG (fasting blood glucose values between 6.1 and 7.0 mmol/l and a 2-h post-glucose load \ 7.8 mmol/l); (2) IGT (fasting blood glucose B 6.1 mmol/l and a 2-h post glucose load of 7.8-11.1 mmol/l); (3) IFG and IGT. If the subjects were prediabetic and were local residents aged 60 years or older, they were included in further surveys and anthropometric measurements. Subjects were excluded if they were already diabetic or had a severe physical illness.
Demographic Information
Demographic information included age, gender, education, marital status, personal annual income, occupation, family history of diabetes, hyperglycemia history and chronic medical history. Family history was defined as the presence of diabetic patients among three generations of relatives with blood relationships. Hyperglycemia history included blood glucose levels above normal that did not meet the diagnostic criteria for diabetes. Chronic diseases included hypertension, hyperlipidemia and coronary heart disease that were clearly diagnosed by doctors.
Anthropometric Measurements
Anthropometric measurements included height, weight, waist circumference, hip circumference, blood pressure and blood fat. Weight was measured by an electronic scale accurate to 0.1 kg. Height was assessed after the subjects took off their shoes using an instrument with a maximum measurement range of 2.0 m and an accuracy of 0.1 cm. Waist circumference measured the horizontal circumference from the lowest costal lower margin to the midpoint of the iliac crest line at the end of exhalation. Hip circumference was the horizontal circumference measured by a tape measure at the maximum extension of the subject's hips. We calculated body mass index (BMI) based on height and weight (BMI = kg/m 2 ) and calculated the waist-to-hip ratio (WHR) based on waist circumference and hip circumference (waist/hip circumference). According to the Chinese BMI standard for adults [17] , subjects were defined as lean (BMI \ 18.5), normal (18.5 \ BMI \ 24.0), overweight (24.0 \ BMI \ 28.0) and obese (BMI C 28.0). The WHR was defined as abnormal when WHR [ 0.9 in men and WHR [ 0.8 in women. Blood pressure was measured using an electronic sphygmomanometer three times (2 min apart) after a quiet 5-min break, and the average was taken as the final blood pressure. Hypertension was defined as systolic pressure consistently [ 18.6 kPa or a consistent diastolic pressure of 12 kPa or more. Blood lipids were measured using enzyme analysis of serum samples taken between 7:00 a.m. and 9:00 a.m. According to the guidelines on the prevention and treatment of dyslipidemia in Chinese adults (2007 edition) [18] , hyperlipidemia was defined as total cholesterol (TC) C 6.22 mmol/l or triglyceride (TG) C 2.26 mmol/l.
Unhealthy Lifestyle Behaviors
Unhealthy lifestyles included five categories in the current study (unreasonable diet, lack of physical activity, smoking, excessive drinking and low diabetes health literacy).
Diet
The Questionnaire of the Chinese Nutrition and Health Surveillance 2010 (CNHS2010) was used to measure the food intake of the subjects [19] . We asked the participants about the frequency with which they consumed each type of food in the past year and the average amount of food consumed each time. The dietary quality of the subjects was evaluated using the revised Diet Balance Index 2007 (DBI-07). According to the DBI-07 index value and scoring method, in the absence of drinking data, 1-14 points was defined as an appropriate diet, 15-29 points indicated a low level of dietary imbalance, 30-43 was classified as a moderate imbalance, and 43-72 was classified as a severe imbalance. In this study, low, moderate and severe dietary imbalances were defined as unreasonable diets, and appropriate diets were defined as reasonable diets.
Physical Activity
The International Physical Activity Questionnaire (IPAQ-Long version) was used to investigate the type, intensity and duration of physical activity the participants engaged in and their metabolic equivalents (METs) over the past week [20] . According to the physical activity attributes indicated on the questionnaire, the participants' individual physical activity level grouping and the MET value, the subjects were given an accurate physical activity rating (Table S1 ). In this study, low-level physical activity was defined as a lack of physical activity. Moderate-or high-level physical activity was defined as adequate physical activity.
Smoking and Drinking
The smoking and drinking status of the rural elderly participants was investigated by a selfdesigned questionnaire. According to the definition of smoking in the third Chinese health service survey in 2003, we defined a smoker as a person who has smoked continuously or accumulatively for [ 6 months and smokes at least one cigarette per day [21] . According to the Chinese dietary guidelines, it is appropriate for males to drink B 25 g/day and for females to drink B 15 g/day. Amounts in excess of these recommendations were considered excessive drinking [22] .
Diabetes Health Literacy
Diabetes health literacy refers to an individual's ability to access, understand and make appropriate decisions to access basic health information and services [23] . It is not a lifestyle behavior but is reflected in an individual's daily lifestyle behaviors, and it is directly related to the health outcomes of people with diabetes. Therefore, we explored it along with lifestyle behaviors. The diabetes health literacy of the participants was measured using the Questionnaire of Chinese Public Diabetes Health Literacy, which has high reliability and validity, with a Cronbach's a of 0.866. The questionnaire is divided into three dimensions: basic knowledge of diabetes, behaviors related to diabetes prevention and acquisition and utilization of diabetes information. For the basic knowledge dimension (dimension 1), participants receive 1 point for correct answers and 0 point for incorrect answers. For dimension 2 and dimension 3, subjects receive 2 points if they engage in all the behaviors, 1 point if they engage in some of the behaviors and 0 points if they do not engage in any of the behaviors. The sum of the scores on the three dimensions is the total diabetes health literacy score. A score C 60% is considered high diabetes health literacy [24] .
Statistical Analysis
Data on demographic information and the unhealthy lifestyle clustering status are presented as the mean ± SD and percentage. The Kruskal-Wallis test was used to analyze the differences in unhealthy lifestyle clustering by demographic characteristics. The factors influencing unhealthy lifestyle clustering in the prediabetic elderly participants were analyzed by ordinal logistic regression. All analyses were performed using SPSS 20.0 (SPSS/IBM, Armonk, NY, USA). Bilateral tests were used for all analyses, and a P value \ 0.05 was considered statistically significant.
The study was approved by the Medical Ethics Committee of Central South University (Changsha, China; identification code: CTXY-150002-7; 27 February, 2015). The study was conducted according to the Helsinki declaration, and the study has obtained informed consent from participants.
RESULTS
Sample Characteristics
A total of 461 elderly adults were screened for prediabetes and participated in face-to-face interviews, and 425 of them completed the questionnaire (30 had no responses, and 6 had incomplete data). As shown in Table 1 
Comparison of Clusters of Unhealthy Lifestyle Behaviors among Different Participants
The Kruskal-Wallis test was performed by classifying the number of unhealthy lifestyle clusters as 0, 1-2 and C 3 and using cluster as a dependent variable with the participants' characteristics as independent variables (Table S2 ).
The results showed a statistically significant difference in unhealthy lifestyle clustering by age, gender, marital status, occupation and hyperlipidemia (P \ 0.05). Conversely, no significant difference in unhealthy lifestyle clustering was found among participants with differences in educational background, personal annual income, diabetes health literacy, BMI, WHR, family history of diabetes and chronic medical history (P [ 0.05) ( Table 3) .
Factors Influencing Unhealthy Lifestyle Clustering in Rural Elderly People with Prediabetes
A multivariate ordinal logistic regression analysis was conducted to investigate the independent factors that influenced unhealthy lifestyle clustering in prediabetic elderly adults with different characteristics, and the logit function was adopted as the link function. The model fit information test showed that the ordinal regression model was meaningful (v 2 = 346.057, P \ 0.001), and the goodness-of-fit test indicated that the model fit well (Pearson's test, P = 0.134). The parallel line test value was v 2 = 8.621 and P = 0.374, indicating that the parallelism assumption was correct and that this study could be analyzed using ordinal logistic regression. As shown in Table 4 , after all variables were entered into the model, the independent factors influencing unhealthy lifestyle clustering were gender, marital status, personal annual income, occupation and diabetes health literacy. Being female (OR = 0.23, 95% CI: 0.15 0.37) and having an annual personal annual income 
DISCUSSION
This study is the first to explore the current status and influencing factors of unhealthy lifestyle clustering in rural elderly adults with prediabetes in China. In this study, we found significant clustering of unhealthy lifestyles among the elderly participants with prediabetes; this clustering was more obvious among the elders aged between 60 and 69 years. As age increases, the number of unhealthy lifestyle clusters decreases. Two reasons may explain this finding. First, this age group has a large population base and tends to have a strong degree of independence. In addition to physical inactivity, other unhealthy lifestyles occurred frequently. Second, as most studies have stated, older people are more likely to be diagnosed with diabetes. Degenerative changes in the elderly, such as decreased islet function and impaired glucose metabolism, may trigger diabetes [25, 26] . Fat deposits in elderly adults are also prone to insulin resistance [27] . Once diagnosed, these elderly individuals are more likely to follow doctors' advice and control their unhealthy habits, thereby reducing their number of unhealthy lifestyle behaviors. According to our findings, the proportion of unhealthy lifestyle clustering in elderly adults with hyperlipidemia was significantly higher than that in participants without hyperlipidemia. As an independent disease, hyperlipidemia is associated with many unhealthy lifestyle factors, such as high-fat diet, smoking, alcohol use and lack of exercise, which are also risk factors for diabetes [28, 29] . Epidemiologic studies have shown that a high-fat diet is an important risk factor for hyperlipidemia as well as a direct factor mediating the development of hyperlipidemia into diabetes. For example, by inducing transforming growth factor-b (TGF-b) signaling to trigger insulin resistance and increasing the expression of the protein kinase negative regulator tribbles, a high-fat diet directly increases the risk of diabetes [30] . Furthermore, people with hyperlipidemia decompose large amounts of free fatty acids, which stimulates related substances, triggers oxidative stress, and destroys DNA and molecules, all of which are closely related to insulin resistance and the emergence of diabetes [31] .
In our screening, the proportion of women without unhealthy lifestyle clustering was approximately four times that of men, and male gender was confirmed as an independent risk factor for unhealthy lifestyle clustering. In traditional Chinese culture, men are usually under more pressure than women and are more likely to develop unhealthy lifestyles because they are responsible for the household's main economic expenditures [32] . Previous evidence also shows that women are far less likely to smoke and drink alcohol than men. In 2011, for example, 61% of Chinese men smoked compared with 4.2% of Chinese women [33] . A diabetes prevention trial found that less than a third of men were willing to take part in such trials, but the effects of the trial were the same for both men and women [34] , similar to the results for other weight loss trials [35] . This finding suggests that future interventions need to focus more on engaging men. Clearly, the clustering of unhealthy lifestyle behaviors in participants with unstable marriages was higher than that of participants with stable marriages. Previous studies demonstrated that marriage affects a spouse's quality of life primarily through diet and lifestyle [36] . Due to the large number of widowers among elderly adults and the small proportion who remarry, marital instability may affect their normal living habits. This result is consistent with the findings of Martin et al., who reported that widowers showed a higher prevalence of diabetes than married people [37] . Additionally, in rural China, the number of empty-nest elderly adults is increasing rapidly. These people have long experienced different levels of loneliness and depression because their children have not been around for a long time [38] . An unstable marital status will aggravate mental stress in these elderly adults and affect their quality of life. When an unhealthy lifestyle behavior emerges, it will gradually deteriorate because of a lack of supervision from family members.
In this study, we confirmed that a higher personal annual income was a protective factor against unhealthy lifestyle clustering, whereas an occupation as a farmer was a risk factor. Income and occupation can collectively reflect the socioeconomic status of the subject. Socioeconomic inequalities in health and risk factors are well known, as is Hart's inverse care law, which states that those with the highest need are the least likely to receive health care [39] . Mokdad et al. had similar findings; they found that people with a lower socioeconomic status had a higher risk of developing diabetes [40] . People with low socioeconomic levels tend to have poor living conditions and unreasonable diets and are more likely to develop impaired glucose tolerance and type 2 diabetes than the general population. In rural China, farmers generally have no stable income, and their overall education level is very low. They do not have sufficient diabetes health literacy and lack effective access to comprehensive information for diabetes prevention. Conversely, retired staff represent those with higher education levels and a steady income, and thus they comprise the smallest proportion of those with unhealthy lifestyle clustering in this study. These people tend to have more time and money to adjust their lifestyle, and they are more concerned about their health.
Incredibly, 96.9% of subjects showed low levels of diabetes health literacy, which has been proven to be an independent risk factor for unhealthy lifestyle clustering in rural elderly adults. Elderly people with low diabetes health literacy tend to have difficulties not only with reading medication instructions and checklists but also with oral communication with doctors and risk assessment. They usually show low compliance with medication, follow-up and diabetes management and may even present a variety of unhealthy lifestyle behaviors. Schillinger et al. found that patients with low health literacy had worse levels of glycemic control and a greater chance of developing retinopathy [41] . Pulgaron et al. reported that improving the health literacy of parents with type 1 diabetes was significant for reducing the blood glucose levels of their children [42] . Considering that diabetes health literacy directly affects the health outcomes of diabetic individuals, the American Diabetes Association (ADA) has made improving health literacy in patients with diabetes an important part of the overall treatment plan for diabetes [41, 43] . Admittedly, a low educational background has been reported to be a major risk factor for a low level of diabetes health literacy [44] . Men show lower diabetes health literacy than women because they are reluctant to pay more attention to preventative health care [16] . Therefore, improving the health literacy of elderly men and those with less education is essential for prediabetes prevention in rural elderly adults.
To our knowledge, basic lifestyle interventions for prediabetic individuals can produce significant effects. However, most studies have targeted only one or two behaviors [45, 46] . Comprehensive lifestyle interventions are clearly more desired, but insufficient epidemiologic information is available on the cost-effectiveness of comprehensive interventions. We believe that large-scale interventions and sustained outreach for prediabetic elderly adults will require considerable resources and will have difficulty achieving significant results in the short term. Our research may provide public health decision makers and community service workers with recommendations to help them focus limited resources on interventions targeting risk factors for unhealthy lifestyle clustering in elderly adults with prediabetes. Our findings will also be useful to clinical practitioners when these prediabetic elderly adults are hospitalized. Our random sample in this study was representative, and the results can be generalized to other rural areas in China. The specific findings of this study may or may not hold true in other countries where demographic characteristics and cultural backgrounds are different.
There are three limitations to this study. First, this study had a cross-sectional design; therefore, we cannot infer a causal relationship. Second, the measurement tools used were mainly targeted toward Chinese people, and our outcomes may be more representative of China's rural elderly adults and not conducive to generalization. Finally, we cannot deny the bias introduced by the self-reported design, and underreporting of unhealthy lifestyles would contribute to more conservative findings.
CONCLUSION
This study showed a high prevalence of unhealthy lifestyle clustering among elderly people with prediabetes in rural China. Being female and having a stable marital status and a personal annual income C 2800 CNY are protective factors against unhealthy lifestyle clustering, whereas being a farmer and having low diabetes health literacy are risk factors. Considering the large number and rapid growth of prediabetic elderly adults in rural China, the current study underlines the need for further intervention among rural prediabetic elderly adults with a focus on these influencing factors.
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